INTRODUCTION
The genitourinary (GU) tract performs the vital functions of reproduction and urine elimination. As a consequence, the GU tract is constantly exposed to a wide array of pathogens, many of which are sexually transmitted. The estimated total number of people living in the United States with viral sexually transmitted infections (STIs) is over 65 million. 1 Every year, there are at least 19 million new cases of STIs. In addition to causing suffering, pain, and grief, the direct medical costs of STI treatment for all estimated cases in the United States per year is at least $ 8.4 billion. 1 Although bacterial STIs such as chlamydia, gonorrhea, and syphilis are treatable with antibiotics, viral STIs caused by human immunodeficiency virus 1 (HIV-1), herpes simplex virus 2 (HSV-2), human papillomavirus (HPV), and hepatitis B are incurable leading to life-long infection with severe morbidity and in some cases mortality. To allow optimal functions of the GU tract while protecting the host from harmful pathogens, the immune system of the GU tract must be tightly regulated. In particular, the female reproductive tract is equipped with several different immune compartments that are under the regulation of sex hormones. Such hormone-dependent regulation presumably reflects optimization of immunity that is compatible with fertilization and fetal development. Despite the dire effects of STIs on world populations, surprisingly little is known about the mechanism of immune protection in the GU tract. Here we review our current understanding of the individual cell types present within the GU tract and their roles in mucosal defense.
EPITHELIAL LINING OF THE GU TRACT
The female genital tract is comprised of the upper reproductive tract (oviducts, ovaries, uterus, and endocervix) and the lower reproductive tract (ectocervix and vagina). These tissues are classified as two distinct types of mucosae (types I and II) according to the epithelia that cover the mucosal surface. 2 The upper reproductive tract is covered by simple columnar epithelium that is hormonally regulated to allow for fertilization and fetal development (type I), whereas the lower reproductive tract is lined with protective multilayered stratified squamous epithelial cells (type II). In contrast to the type II mucosa, the type I mucosal epithelium expresses polymeric Ig receptor, capable of allowing dimeric IgA to access the lumen. The male GU tract consists of testes, efferent ducts, epididymis, ejaculatory ducts, ductus deferens, urethra, and penis. The posterior urethra is lined by a transitional epithelium, and the anterior urethra by a distinct epithelium composed of a single layer of columnar cells at the surface and a stratified or pseudostratified epithelium of small cells with round nuclei at the base. STI agents gain access through the urethral opening of the penis, as well as through the inner surface of the foreskin. Although epithelial cell structures that line the reproductive tract clearly have a critical function in immune defense at this important mucosal surface, other cell types, including DCs and macrophages, likewise are required for protection in the GU mucosa. Dendritic cells (DCs) and macrophages are antigen-presenting cells (APCs) that are important in innate immune defense as well as in the generation and regulation of adaptive immunity against a wide array of pathogens. The genitourinary (GU) tract, which serves an important reproductive function, is constantly exposed to numerous agents of sexually transmitted infections (STIs). To combat these STIs, several subsets of DCs and macrophages are strategically localized within the GU tract. In the female genital mucosa, recruitment and function of these APCs are uniquely governed by sex hormones. This review summarizes the latest advances in our understanding of DCs and macrophages in the GU tract with respect to their subsets, lineage, and function. In addition, we discuss the divergent roles of these cells in immune defense against STIs as well as in maternal tolerance to the fetus.
REVIEW

DENDRITIC CELLS IN THE GU TRACT
The female genital tract is immunologically unique in its requirement for tolerance to the allogeneic sperm and, in the upper tract, to the conceptus. DCs and macrophages are the major antigen-presenting cells (APCs) in mucosal organs including the GU tract. At steady state, the main DC populations in the genital mucosa consist of those that reside within the epithelium (Langerhans cells) and those that reside beneath the epithelium in the submucosa (submucosal DCs). 3 However, during infection or inflammation, both monocyte-derived DCs 4 and plasmacytoid DCs (pDCs) 5 are recruited from peripheral blood to the vaginal mucosa. The cell-surface markers (described below) help to identify these DC subsets within various compartments of the genital tract.
Within the stratified squamous epithelial layer of the type II mucosa, Langerhans cells (Langerin + major histocompatibility complex (MHC) class II + DCs) are the predominant APCs. 2, 6 In human genital tract, a large number of Langerin + HLA-DR / DP / DQ + Langerhans cells reside in the epithelia of the vagina and ectocervix. 7 -9 As a typical feature of Langerhans cells, these cells contain racquet-shaped vesicles known as Birbeck granules. Langerin, a C-type lectin responsible for the formation of Birbeck granules, is expressed by Langerhans cells within various mucosal epithelia. 10,11 Further, a CD1a + population of DCs, another cell-surface marker of Langerhans cells, has been found in lower frequencies in the cervico-vaginal epithelium 8,12,13 and the oviduct epithelium. 14 These cells express a chemokine receptor, CCR5, which is the coreceptor for R5-tropic HIV-1. 7, 15 In addition, DCs in the female genital tract are found to express Fc receptors for IgG, Fc RII, and Fc RIII, in most vaginal, ectocervical, and transformation zone epithelia. 16 Thus, these DCs may be capable of uptake of immune complexes through these FcR for presentation to T cells upon migration into the local lymph nodes (LNs). CD1a + Langerhans cells were also detected in the oviduct epithelium. 14 These cells extend cell processes along the base of the epithelium and are ultrastructurally characterized by rod-shaped Birbeck granules and a well-developed Golgi apparatus. 14 In rhesus macaques, CD1a + cells are also present in the stratified squamous epithelium of the vagina and ectocervix. 17 Distinct from human tissues, these CD1a + cells are also found within the columnar epithelium of the endocervix. 17 4 A typical distribution pattern of VEDCs in the epithelia of mouse treated with estradiol is depicted ( Figure 1 ). It is unknown whether these distinct populations are endowed with specific functions in immune responses in the vaginal mucosa. Future studies must examine whether human vagina contains similar counterparts and also determine the relevance of these populations in innate defense and antigen presentation upon infection with sexually transmitted pathogens.
In the lamina propria of the female genital tract, there is a network of MHC class II + DCs. Such lamina propria DCs have been shown to consist of several subsets; DC-specific intercellular adhesion molecule 3-grabbing nonintegrin (DC-SIGN) + (human and macaques), 9,19 CD123 + DC (macaques), 20 and CD11b + DCs (murine). 3 The function of the submucosal DCs in immunity against STIs will be discussed below. 21 In the murine uterus, heterogeneous populations of MHC class II + F4 / 80 + cells containing CD11c + , 33D1 + , and CD1 + cells are also observed by flow cytometric analysis. 22 The functions of these and other DC subsets in immune tolerance to fetus will be discussed below. 
REVIEW
MONOCYTES AND MACROPHAGES IN THE GU TRACT
In contrast to DCs that express constitutively high levels of MHC II, monocytes and macrophages generally express very low levels of MHC II at steady state. Under inflammatory conditions, monocytes can differentiate into monocyte-derived DCs capable of presenting antigens on MHC II. In addition, macrophages can become activated to upregulate the level of MHC II. This allows macrophages to sense interferon (IFN)-from Th1 effector cells in the tissue, resulting in enhanced degradative capacities and elimination of pathogens within the phagolysosomes. Distinct subsets of macrophages have been found in the GU tract. CD14 + CD68 + macrophage populations have been identified in human vaginal and cervical tissues. 12, 23, 24 Although the gut and lung show a preponderance of suppressive macrophages (D1 + D7 + ), the vast majority of stromal macrophages in the human cervical tissues are D7 + effector cells, with only small populations of D1 + inductive cells and D1 + D7 + suppressor cells. 25 Further, CCR5-expressing CD68 + macrophages were abundantly present in the vaginal lamina propria. 20 Although F4 / 80 and CD11b have been used as markers of macrophages in mice, these molecules are also expressed by DCs and Langerhans cells, making it difficult to clearly delineate macrophages from DCs. Definitive markers that can distinguish DCs, monocytes, and macrophages are needed to study the role of these important leukocytes in immunity in the GU tract.
ORIGIN OF DCS AND MACROPHAGES IN THE GENITAL TRACT
In the intestine and lung, monocytes are a direct precursor of the lamina propria DCs. 26 Although VEDC populations are located in the stratified squamous epithelium of the vagina, 18 these DCs, unlike the skin Langerhans cells, 27 are rapidly repopulated by a bone marrow-derived precursor at steady state. 4 Several groups have characterized at least two types of DC precursors -(1) nonmonocyte CD11c + MHC class II − precursors, which are found in the bone marrow and secondary lymphoid organs, 28 and (2) a common DC precursor (Lin − CSF1R + c-kit int Flt3 + ) that develops into cDC and pDC in the bone marrow. 29, 30 It is unknown whether DCs and macrophages in the genital tract are derived from such precursors. In contrast, under inflammatory conditions caused by HSV-2 infection, VEDCs differentiate from a Gr-1 hi monocyte population, 4 much like the case of monocytes giving rise to skin Langerhans cells under inflammatory conditions. 31 It remains unclear what the relative contributions of these monocyte-differentiated DCs and the tissue-resident DCs are in defense against pathogen invasion.
SEX HORMONE REGULATION OF DCS AND MACROPHAGES IN THE FEMALE GENITAL TRACT
Mucosal immunity in the female genital tract is under the regulation of sex hormones. 32 Although the effect of male sex hormones on DCs and macrophages in the male GU tract is unknown, much is understood regarding sex hormone regulation of the immunological environment of the female genital mucosa.
The ovarian cycle begins by the secretion of follicle-stimulating hormone by the anterior pituitary gland, which stimulates the follicle to develop. As the follicle matures, the outer cells begin to secrete estrogen. Ovulation is initiated by a surge of another hormone from the anterior pituitary, luteinizing hormone. This hormone also influences the development of the corpus luteum, which produces progesterone. In rodents, the estrous cycle is comprised of four distinct phases: proestrus, estrus, metestrus, and diestrus. During metestrus -diestrus, but not proestrus, numerous mucin-secreting cells are observed in the vaginal epithelium. In parallel, VEDCs in the epithelium are most numerous at this phase. 3, 18 In addition, on the basis of ultrastructural morphology, three distinct types of VEDCs are detected in the epithelium during the estrous cycle, 33 suggesting that sex hormones may control their phenotype and function. In mice, the uterus at estrus contains F4 / 80 − MHC class II + CD11c + DCs and F4 / 80 + CD11b + monocytes and macrophages. The presence of the monocytes, but not DCs, was dependent on the ovarian steroid hormones, as determined in ovariectomized mice. 22 In humans, the menstrual cycle is comprised of three main phases; follicular / proliferative phase consisting of menstrual (days 1 -5) and preovulatory (days 7 -12) stages and luteal / secretory phase, which is postovulatory (days 19 -24) . The number of VEDCs and macrophages during the menstrual phase was reported to be slightly higher compared with other phases. 34 Similarly, the frequencies of immature DCs in human cervical mucosa were also reported to be higher during the menstrual phase. 35 Whether these changes in the DCs and macrophages have a functional significance in innate and adaptive immune responses in the genital mucosa is unknown.
In addition to the changes in macrophage and DC recruitment to the genital tract, the ovarian cycle also influences the thickness and permeability of the epithelia lining the tissue. In mice, this results in dramatic changes in the thickness of the vaginal epithelia: 2 -3 cell layer thick at diestrus compared with >12 cell layer thick during estrus. 3 The use of hormone-based contraceptives including oral contraceptive pills and depo-medroxyprogesteron acetate (Depo-Provera) is known to influence the frequencies of immunocompetent cells and epithelial thickness in the genital mucosa. Although the precise mechanism by which hormone contraceptives modulate genital mucosal immunity is unclear, in rhesus macaques, progesterone was shown to significantly reduce the thickness of the vaginal epithelium and increase SIV susceptibility. 36 In addition, progesterone implantation is reported to increase the number of Langerhans cells in human vaginal epithelium, 37 whereas no differences in the number of CD1a + Langerhans cells and CD68 + macrophages were detected. 23 Moreover, in vitro treatment with progesterone was shown to decrease virus-induced IFN-production by human and mouse pDCs. 38 These findings suggest that the modulation of DC subsets and macrophages by endogenous or exogenous sex hormones might affect susceptibility to sexually transmitted viruses in the female genital tract. Despite these changes detected in the genital mucosa, epidemiological studies examining a correlation between hormonal contraception and risk of sexually transmitted pathogen acquisition have reported 
MUCOSAL MICROENVIRONMENT REGULATES THE FUNCTION OF DCS AND MACROPHAGES IN THE GU TRACT
On the basis of microflora, the female genital tract can be divided into two compartments: (1) the lower reproductive tract including vagina and ectocervix, with abundant commensal flora, and (2) the upper reproductive tract including uterus and fallopian tubes, which are sterile. 41 In the lower tract, the stratified squamous epithelium of the vagina and ectocervix offers a physical barrier capable of withstanding coitus and defending against sexually associated pathogens, whereas the monolayered columnar epithelium of the endocervix and uterus provides an immuneprivileged site suitable for fertilization and fetus development. In addition, both types of epithelia contain mucus-secreting cells to prevent entry of harmful bacteria while allowing sperm to ascend to the uterus. Throughout the genital tract, the epithelium secretes various antimicrobial peptides / proteins including secretory leukocyte protease inhibitor, human -defensin-2 (hBD-2), and surfactant protein A (SP-A) as well as constitutive secretion of interleukin (IL)-1 , IL-6, and transforming growth factor-. 42 -44 Here we describe the evidence suggesting that these proteins not only kill invading pathogens but also serve to condition local APCs.
Secretory leukocyte protease inhibitor has been shown to inhibit HIV and HSV infection in vitro and may be important in innate mucosal defense against STIs by restricting infection and / or tropism in the local mucosal tissue. 45, 46 Likewise, defensins, which are secreted by cervical epithelium, also inhibit HIV-1 and HSV infections, 40, 47 revealing the potential importance of such innate defense mechanisms. It is reported that hBD-1 -3 are mainly expressed in epithelial tissues of various organs, such as skin, respiratory, and the GU tract. 44, 48, 49 Defensins have been demonstrated to exhibit biological activities beyond destruction of hazardous microbes. 50 These contribute to the generation of adaptive immunity by exhibiting chemotactic activity on DCs through the chemokine receptor CCR6 (hBD-1, hBD-2, and hBD-3) 51 -53 and on monocytes and macrophages (hBD-3). 54 Murine BD-2 has been shown to activate DCs through Toll-like receptor (TLR)4. 55 Further, human defensins are known to activate macrophages through TLR1 and TLR2 (hBD-3) and block HPV infection (h defensins) and HIV-1 replication in vitro (hBD-2 and hBD-3). 56, 57 These findings suggest that defensins, particularly hBD-2 that is constitutively expressed in the female genital tract, might promote differentiation and activation of DCs and macrophages in the GU tract 44 and exemplify the dual role of innate defense mechanisms in direct inhibition of pathogen replication and activation of immune cells in the local mucosal tissues.
SP-A, originally characterized as a component of the lung surfactant system, is now recognized to be an important contributor to mucosal immune defense by stimulating macrophage chemotaxis and enhancing the binding and killing of bacteria and viruses. 58 SP-A is known to regulate TLR expression on human alveolar macrophages 59 and facilitate phagocytosis of microorganisms by opsonization of bacteria, fungi, and viruses. 58, 60 In addition, SP-A downregulates oxidant production by decreasing nicotinamide adenine dinucleotide phosphate oxidase activity in human monocyte-derived macrophages. 61 Moreover, SP-A has been shown to modulate the differentiation and chemotaxis of monocyte-derived DCs. 62 In the human female genital tract, SP-A is produced by a specific vaginal epithelial cell population in the intermediate layer and also found in vaginal lavage fluid. 43 These findings suggest that differentiation and function of DC and macrophages is influenced by SP-A in the female genital tract.
The epithelial control of DC function goes beyond regulation mediated by antimicrobial peptides. Our earlier study demonstrated a function for epithelial innate recognition of HSV-2 infection in the generation of adaptive immunity. 63 As a first line of innate immune protection against STI, the recognition of invading pathogens is accomplished by specific pattern recognition receptors including the TLRs. Following genital HSV-2 infection, mice deficient in MyD88, an obligatory adaptor of TLRs, are incapable of generating Th1 responses. 63 As expected, MyD88 expression in the hematopoietic compartment, which includes DCs, was required to generate Th1 responses following HSV-2 infection. Interestingly, when mice deficient in MyD88 in the nonhematopoietic compartment were infected with HSV-2, these mice also failed to induce Th1 immunity. 63 DCs isolated from the draining LN of such mice had reduced capacity to stimulate Th1 cells ex vivo , indicating the requirement for TLR-mediated stromal signals for full activation of DCs in vivo. 63 A similar finding was reported for oral infection with Toxoplasma gondii . In this study, 64 a reduced frequency of IFN--secreting cells was found in response to T. gondii infection in TLR9-deficient mice. By examining the requirement for TLR9-mediated recognition of the parasite by hematopoietic vs. nonhematopoietic cells in bone marrow chimeric mice, Th1 response was found to be reduced in mice that lack TLR9 in either compartment. This resulted in the amelioration of Th1-mediated ileitis in these mice. 64 Collectively, these studies demonstrated the importance of stromal TLR-mediated recognition of pathogens in the generation of adaptive Th1 immunity.
ROLE OF GU DCS AND MACROPHAGES IN IMMUNE DEFENSE AGAINST STIS
Dendritic cells (DCs) and macrophages are capable of mediating innate defense against a variety of pathogens. Various TLRs have been reported to be expressed on DCs and macrophages, 65 as well as on nonhematopoietic cells such as the vaginal REVIEW epithelial cells in the female reproductive tract. 66 TLR1, -2, -3, -5, and -6 were reported to be expressed on the epithelia of different regions of female reproductive tract. TLR4 is expressed in the endocervix, endometrium, and uterine tubes but not in the vagina and ectocervix. 67 At the functional level, bone marrow chimeric mice lacking TLR9 in the stromal compartment were impaired in CpG-mediated innate protection against HSV-2 infection, indicating that stromal cell populations in the vagina express functional TLR9 under this condition. 68 Among genital APC populations, one of the DC subsets was found to express TLR9, 69 and DCs in human deciduae have been found to be TLR2 negative. 70 In addition to the TLRs, DCs, and macrophages, as well as the epithelia and other stromal cells in the GU tract express pattern recognition receptors including NOD-like receptors and RIG-like receptors, which are critical in mediating antimicrobial and antiviral defense. 71, 72 However, the precise function of these pattern recognition receptors on innate and adaptive immunity in the GU tract is unknown.
Dendritic cells are considered to be the most potent APCs capable of activating naive and memory T cells. 73, 74 In contrast, macrophages are known to specialize in the phagocytic elimination of invading pathogens although these populations also have antigen-presenting capacity. 75 An important feature that distinguishes these populations is their capacity to migrate to the draining LNs. Upon uptake of antigens and recognition of pathogens, peripheral DCs, but not macrophages, migrate to the draining LNs to prime naive T and B cells. In the mouse model of genital herpes infection, vaginal CD11b + submucosal DCs, but not Langerhans cells, have been shown to migrate to the genital draining LNs and initiate HSV-specific Th1 cell differentiation. 3 Interestingly, although the Th1-inducing capacity depends on MyD88 expression by DCs, maturation and migratory capacity of these cells is independent of MyD88 signaling. 63 Within the stratified squamous epithelial layer of the vaginal and ectocervical mucosa, the Langerhans cells represent the primary APCs. Both Langerhans and submucosal DCs have been shown to have a function in HIV-1 transmission and defense. 6 The Langerhans cells were one of the first cell types to be identified to mediate transmission of HIV-1. 9 Elegant ex vivo models of HIV-1 infection demonstrated that CD1a + Langerhans cells and CD4 + T cells in the vaginal epithelium primarily endocytose HIV-1 virus. 13 On the other hand, numerous F4 / 80 + CD11b + MHC class II + DCs are also detected within the foreskin epithelium of the male urogenital tract. 76 Recently, DCs in the human foreskin were demonstrated to confer protection against HIV-1 transmission through Langerin-mediated degradation of the virus. 77 In addition, in vitro generated Langerhans cells have a cytotoxic activity against cervical epithelial cells expressing HPV16 E6 and E7. 78 As HPV infection is known to decrease the frequency of the Langerhans cells in the human cervical epithelium, 8 this may represent a dire situation in which the cancer could grow uninhibited by the ablation of Langerhans cells. Together, these observations suggest that Langerhans cells provide critical antiviral defense functions and suggest that treatments to augment such activities may prove to be useful therapeutic targets.
In addition to the Langerhans cells, the submucosal DCs of the GU tract express DC-SIGN (CD209), which is a C-type lectin with capability of binding to a variety of pathogens including HIV-1. 79 Instead of being degraded in the lysosome, HIV-1 has usurped the function of DC-SIGN to hide in nondegradative multivesicular bodies upon endocytosis through DC-SIGN. DC-SIGN-bound HIV-1 virions can then be released to the infectious synapse and facilitate trans-infection of CD4T cells. 80 DC-SIGN + DCs were found to reside in the lamina propria of human cervical and vaginal epithelium, rectal mucosa, and male foreskin. 9,81,82 Subsequent studies have revealed the involvement of other C-type lectins that facilitate binding and enhancing infection of T cells by DCs in the genital tract. 21 In addition, Syndecans expressed on monocyte-derived DCs and macrophages have also been shown to bind to HIV and promote viral transmission to CD4 + T cells. 83, 84 Although the overall number of CD68 + cells detected in HIV + patients was comparable to that in low-risk patients, the proportion of D1 + D7 + cells were significantly decreased. 25 In fact, a higher proportion of CD68 + HLA-DR + -activated macrophages in the epithelium was observed in HIV + subjects. 85 Macrophages as well as Langerhans cells and CD4 + T cells are known to be susceptible to R5-tropic HIV-1. 86 ,87 CD14 + macrophages isolated from vaginal organ culture express both CCR5 and CXCR4, suggesting that they may also be susceptible to X4-tropic HIV-1. 15 In rhesus macaques, a significant number of CD68 + macrophages were also found in the submucosa of the vagina, ectocervix, and endocervix.
A large number of leukocytes, including DCs and macrophages, are known to be recruited to the site of inflammation and infection in peripheral tissues. 88 Following intravaginal HSV-2 infection, pDCs are recruited to the vaginal tissue and produce large amounts of IFN-. 5 pDCs recognize HSV-2 through the TLR9 to provide the first line of immune defense. Furthermore, this subset is required for CpG oligodeoxynucleotide-mediated protection against lethal intravaginal HSV-2 challenge. 68 In this model, at the very early stage of CpG treatment (12 h), CD11c − F4 / 80 + MHC class II − macrophages were shown to be recruited into the vaginal tissues. 89 In addition, CD11b + DCs are also known to accumulate at the site of CpG treatment as well as chlamydial and HSV-2 infection. 3, 90 At a later stage of the immune response, once the antigen-specific T cells are generated, a large number of CD4 + and CD8 + T cells are recruited to the vaginal tissue ( ~ 4 -7 days postinfection). 91, 92 These findings suggest that viral inflammatory signals catalyze a selective recruitment of immune cells to the local mucosal tissue through the vascular endothelium via the production of specific chemokines and adhesion molecules to coordinate the access to various leukocyte populations that are needed to most efficiently recognize and clear infection.
Recruitment of the relevant cell types into the genital mucosa can be usurped by other viruses for replication. HSV-2 infection is associated with an increased population of CD11c + CD1a + DC-SIGN + DC and CCR5 + CD4 + T cells in the human cervical tissues. 69 Unfortunately, HSV-2 infection results in the accumulation and activation of the HIV-1 target cell population, REVIEW suggesting a potential negative impact of HSV-2 infection on HIV transmission. 93 In fact, epidemiological studies demonstrated that HSV-2 infection represents a high-risk factor for HIV-1 transmission. 93 In addition, significant depletion of DC-SIGN + and TLR9 + DCs in the genital tract of HSV-2-and HIVcoinfected patients was observed. 69 Further, HSV-2 shedding was shown to increase in the genital tissues of HIV-1-infected patients, suggesting that DC-SIGN + and TLR9 + DCs potentially control HSV-2 reactivation in the genital mucosa. These observations collectively demonstrate the complexities associated with simultaneous mucosal infections and the potential for one mucosal infection to negatively affect the outcome of infection during a subsequent infection.
Genital infection with Chlamydia trachomatis represents one of the most common sexually transmitted diseases. C. trachomatis is an obligate intracellular bacteria that establishes infection in the GU tract. The major clinical manifestations of genital chlamydial infection in women include mucopurulent cervicitis, endometritis, and pelvic inflammatory disease. Previous studies demonstrated that DCs pulsed ex vivo with heat-killed Chlamydia elementary bodies activate Th1 cells, and such vaccination confers protection against murine model of Chlamydia infection. 94 A subsequent report demonstrated that DCs pretreated with live, but not ultraviolet-treated, C. muridarum become mature and effectively promote Chlamydia -specific Th1 responses. 95 In addition, peritoneal macrophages secrete significant amounts of IFN-and IP-10 following in vitro C. trachomatis infection. 96 However, it remains unclear which type of DCs migrate into draining LNs to initiate Th1 cell differentiation and the possible protection mechanism mediated by resident macrophages at the site of Chlamydia infection in the GU tract. Future studies will be required to identify both the resident and recruited APC populations in the local mucosal tissue following infection with this important mucosal pathogen, and which of these cells mediates protective immunity.
ROLE OF DCS AND MACROPHAGES IN MATERNAL IMMUNE TOLERANCE TO FETUS
During pregnancy, precise regulation of innate and adaptive immunity at the maternal -fetal interface is required to maintain the survival of the semiallogeneic embryo. At the same time, effective immunity must be maintained at the mucosal border to protect both mother and fetus from harmful pathogens. Maternal DCs are distributed throughout the decidualized endometrium during all stages of pregnancy. Decidual DCs are identified as two distinct populations: CD11c + MHC class II hi CD11b + CD14 − Lin − and CD11c + MHC class II int CD11b + CD14 − Lin − DCs. These subsets are negative for CD1a, a marker of Langerhans cells, and CD123, a marker of human pDCs. A C-type lectin, DEC-205, but not DC-SIGN, is expressed in the decidual DCs. 70 Costimulatory molecules and DC activation markers, CD40 and CD83, on these DCs were detected at low levels. On the other hand, other groups identified CD83 + CD45 + HLA-DR + CD14 − CD206 + mature-type DCs in the human deciduae. 97 -99 As CD83 + DCs were shown to stimulate the proliferation of allogeneic T cells in vitro , 97 it is conceivable that CD83 + DCs exert immunostimulatory function in the deciduae. In addition, CD83 + DCs derived from human peripheral blood have been known to augment the cytolytic capacity of CD56 + natural killer (NK) cells. 100 In human deciduae, the most abundant lymphocyte subset is the uterinespecific NK cells. 101 Thus, this DC subset could have a function in regulating NK cell activity to coordinate the immunity against harmful pathogens whereas others might be involved in maintaining the capacity to support pregnancy. Conversely, the same cells may exert differential tolerant vs. immune induction signals as a result of local conditioning. In addition, trophoblast cells express HLA-G, which protects them from lysis by NK cells and cytotoxic T lymphocytes. Further studies will be required to fully elucidate these important immunoregulatory mechanisms operative during pregnancy.
The composition of the DC subsets changes during the different stages of pregnancy. In the first trimester of pregnancy, BDCA-1 (CD1c) + (myeloid DC type 1, MDC1), BDCA-2 (CD303) + CD123 + (pDC), and BDCA-3 (CD141) + (MDC2) DC subsets were identified in the deciduae. 102 The proportion of BDCA-1 + DCs in deciduae was comparable to that in peripheral blood, although pDC frequency was much lower in the decidua compared with the peripheral blood. In contrast, the ratio of BDCA-3 + DCs in the deciduae is higher than that in the peripheral blood and the number of MDC2 + DCs continued to increase at 9 weeks postgestation. 102 BDCA-1 + as well as BDCA-3 + DC subsets were found to express costimulatory molecules including CD80 and CD86 at low levels. In addition, these populations were found to express immunoglobulin-like transcript 3, an inhibitory receptor involved in immune tolerance. 102 These findings suggest that the DC subsets in the deciduae represent immature and possibly tolerogenic DCs, and could be involved in the regulation of T-cell and NK cell-mediated immune responses against fetal allograft at the maternal -fetal interface.
CD14 + macrophages are also present in the deciduae. 103 The CD14 + HLA-DR + macrophages express CD86 at low levels. 103 During gestation, the phagocytosis of the trophoblast cells is critical for the resolution of inflammation in the decidua. In terms of scavenger receptor-mediated phagocytosis, the macrophages are known to express the endocytic receptor CD206. 99 CD206 can bind to and internalize glandular secretor phase mucin tumor-associated glycoprotein-72 (TAG-72). 99 The binding of TAG-72 to CD206 on deciduae macrophages is further demonstrated to block endocytosis of fluorescein isothiocyanate-conjugated dextran in vitro . 99 Therefore, as TAG-72 is expressed in the endometrium of the normal female reproductive tract at secretory phase but during the not proliferative phase, 104, 105 it implies that hormonally controlled TAG-72 expression might be involved in the regulation of phagocytosis of trophoblasts by macrophages.
It had been reported that CD14 + monocyte / macrophage derived from human decidua secrete IFN-, IL-4, and large amounts of IL-10 spontaneously in vitro . 106 These macrophages are further demonstrated to have IL-10-mediated immunosuppressive function in pregnancy, 107 which could contribute to REVIEW the induction of tolerance against the developing fetus. Lamina propria macrophages in the small intestine are known to induce the differentiation of Foxp3 + regulatory T cells mediated by IL-10, retinoic acid, and transforming growth factor-. 108 It would be interesting to determine whether decidual macrophages are also capable of inducing regulatory T cells specific for the semiallogeneic fetus and support fetal development.
CONCLUSION
Despite being the primary site of entry for sexually transmitted pathogens, very little information is available concerning the DCs and macrophages in the GU tract. Future research will hopefully provide us with a deeper understanding of the immune mechanisms of DCs and macrophages in the GU tract. Such knowledge is critical in designing and developing effective vaccines against STIs.
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